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ABSTRACT
Background and Objectives: Debate continues as to the
merits of hand-assisted versus pure laparoscopic nephrec-
tomy. Using evidence-based analysis, we compared the
outcomes of both.
Methods: We performed a systematic review and meta-
analysis of studies directly comparing hand-assisted with
pure laparoscopic nephrectomy. We searched PubMed,
the OVID database (from 1980), the Biosis previews ISI
Web of Knowledge (1926–2007), and abstracts from an-
nual meetings of the American Urological Association
(2002–2007). Primary outcomes were operative blood
loss, operative time, hospital length of stay, perioperative
transfusions, and perioperative complications. We esti-
mated standardized mean differences and risk ratios using
the random effects models.
Results: Twenty-five studies (N3051) met the inclusion
criteria. Hand-assisted nephrectomy was associated with
significantly less operative blood loss and decreased risk
of conversion. There were no significant differences in
mean operative time, length of stay, or risks of perioper-
ative transfusion or complication.
Conclusions: In this analysis, hand-assisted nephrec-
tomy was associated with significantly less operative
blood loss and risk of open conversion than was pure
laparoscopic nephrectomy. The clinical significance of
these findings is unclear; however, the pure and hand-
assisted techniques appear to result in generally similar
perioperative outcomes.
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INTRODUCTION
Laparoscopic nephrectomy is a safe, effective, and well-
established surgical technique. Compared with open ne-
phrectomy, advantages of laparoscopic nephrectomy in-
clude improved cosmesis, decreased operative blood loss,
shorter hospital stay, and decreased postoperative pain.1
Many investigators believe that laparoscopic nephrectomy
should now be considered the surgical standard of care in
the treatment of renal neoplasm or in the performance of
donor allograft nephrectomy.2,3
Still, debate persists as to the preferred approach for
performing laparoscopic nephrectomy: pure laparoscopy
entails use of trocars only, and hand-assisted laparoscopy
combines trocars with a larger hand port. Some investiga-
tors assert that hand assistance constitutes a bridge for
allowing less experienced surgeons to progress through a
learning curve toward pure laparoscopy4; others argue
that, because it results in outcomes identical to those of
pure laparoscopy, hand assistance is an alternate tech-
nique that does not necessarily require subsequent adop-
tion of pure laparoscopy.5
This debate stems in part from the hypothesis that hand-
assisted and pure laparoscopy have different periopera-
tive outcomes. While to our knowledge there has been
only one small randomized trial comparing outcomes,6
there have been several uncontrolled cohort studies that
have directly compared the laparoscopic and hand-as-
sisted approaches in a nonrandomized fashion. Neverthe-
less, most of these studies were single-institution case
series from which robust assumptions regarding external
validity of results—and thus generalizability to clinical
practice—are difficult to make.
Metaanalyses allow for the pooling and quantification
of results from different studies. To our knowledge, a
systematic review and metaanalysis comparing different
laparoscopic techniques for nephrectomy has not been
performed. Therefore, we compared outcomes of hand-
assisted and laparoscopic nephrectomy utilizing evi-
dence-based analysis.
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SCIENTIFIC PAPERMETHODS
Search Strategy
As of July 10, 2007, separate searches were conducted of
the PubMed database (January 1966 to January 2007), the
OVID database (from 1980), the Biosis previews, and the
ISI Web of Knowledge database (1926 to 2007). Addition-
ally, our search included the electronic database of ab-
stracts presented at the annual meetings of the American
Urological Association from 2002 to 2007.
We retrieved citations by using combinations of the Med-
ical Subject Heading (MeSH) term “nephrectomy” and text
words “nephrectomy” and “hand.”
Study Selection, Data Abstraction, and Primary
Outcomes
We included case series or cohorts that directly compared
hand-assisted with pure laparoscopy within the same
study. We excluded case series or cohorts of a single
surgical approach that compared results to the published
literature, review articles, cost analyses, and studies from
which data could not be reliably extracted, including
those that did not report means with standard deviations
or standard errors. Studies that included alternate mini-
mally invasive techniques for kidney extraction, including
retroperitoneal laparoscopic nephrectomy or retroperito-
neal hand-assisted nephrectomy, were excluded from our
analyses. In cases of eligibility disagreement, the senior
investigator (JKP) made the final decision regarding inclu-
sion or exclusion of the study. If multiple studies were
identified based on the same case series or cohort, the
overlapping data were excluded.
The primary outcomes were operative blood loss, opera-
tive time, length of hospital stay, perioperative transfu-
sions, and perioperative complications. We estimated
standardized mean differences (SMD) and risk ratios (RR)
by using random effects models.
Statistical Analysis
All statistical analyses were performed using Stata version
8.0 commercial software with latest updates for meta-
analysis (Stata Corporation, College Station, TX). Sub-
group analysis was performed based on indication for
nephrectomy (live donor versus nephrectomy for other
indications).
The DerSimonian and Laird random effects models were
used. For operative blood loss, operative time, and length
of stay, SMD was calculated. For perioperative transfu-
sion, open conversions, and complications, the risk ratio
and absolute risk difference (RD) were calculated.
Subgroup analyses were performed based on likely
sources of between-study heterogeneity. We performed
the chi-square test to evaluate the Q statistic for hetero-
geneity and determined the influence of each individual
study on the pooled SMD, RR, and RD for each outcome.
Publication bias was assessed using the Egger regression
asymmetry test and the Begg adjusted rank correlation
test.
RESULTS
Study Selection
The literature search yielded 3336 citations. A total of 3140
studies were excluded based on title alone; 99 were ex-
cluded after their abstracts were reviewed and 72 after
their manuscripts were reviewed. Based on our criteria,
we identified 25 studies (3051 patients) eligible for data
extraction. The majority of studies focused on patients
undergoing living related donor nephrectomy (15 studies,
n  2277 patients), with a smaller number analyzing those
with other indications (10 studies, n  774 patients).
Operative Blood Loss
Six studies (n228) evaluated operative blood loss.6–11
Compared with the pure laparoscopy group, the hand-
assisted laparoscopy group was associated with signifi-
cantly less operative blood loss (SMD -0.28, 95% CI -0.55
to -0.01, P0.05) (Figure 1).
Sequential omission of each study from the analysis, one
study at a time, resulted in only slight, nonsignificant
changes in the magnitude or precision of the effect esti-
mates (data not shown). No evidence existed of publica-
tion bias by Begg’s test (P0.85) or Egger’s test (P0.34).
Four studies included only transplant patients6,8,9,11; sub-
group analysis produced similar, marginally significant
results (SMD -0.29, 95% CI -0.60 to -0.02, P  0.07). Two
studies included nontransplant patients7,10; subgroup
analysis produced similar effect estimates but were non-
significant (SMD -0.23, 95% CI -0.79 to 0.33, P0.42).
Perioperative Transfusion
Eight studies (n817) evaluated perioperative transfu-
sion.9,12–18 There were no significant between-group dif-
ferences in overall risk (RR 1.32, 95% CI 0.95, 0.59 to 2.98,
JSLS (2009)13:36–43 37P0.50) (Figure 2) or incidence (RD 0.00, 95% CI -0.01 to
0.01, P0.88) of perioperative transfusion.
Sequential omission of each study from the analysis, one
study at a time, resulted in only nonsignificant changes in
the magnitude or precision of the effect estimates (data
not shown). No evidence was found of publication bias
determined by using Begg’s test (P0.73) or Egger’s test
(P0.47).
Four studies included only transplant patients9,14–16; sub-
group analysis produced similar results (RR 1.16, 95% CI
0.95, 0.22 to 6.06, P0.48; RD 0.00, 95% CI -0.01 to 0.01,
P0.87). Four studies included nontransplant patients12,13,17,18;
subgroup analysis produced similar effect estimates but
were nonsignificant (RR 1.38, 95% CI 0.54 to 3.51, P0.50;
RD 0.02, 95% CI -0.14 to 0.17, P0.85).
Operative Time
Eight studies (n287) evaluated operative time.6–11,14,15
There were no significant between-group differences in
mean operative time (SMD -0.07, 95% CI -0.81 to 0.68,
P0.81) (Figure 3).
Sequential omission of each study from the analysis, one
study at a time, resulted in only nonsignificant changes in
the magnitude or precision of the effect estimates (data
not shown). No evidence was found of publication bias by
Begg’s test (P0.49) or Egger’s test (P0.56).
Six studies included only transplant patients6,8,9,11,14,15;
subgroup analysis produced similar results (SMD 0.37,
95% CI -0.35 to 1.09, P0.32). Two studies included non-
transplant patients7,10; subgroup showed significantly re-
duced operative time with the hand-assisted approach
(SMD -1.42, 95% CI -2.05 to -0.79, P0.001).
Figure 1. Six studies (n  228 patients) comparing operative
blood loss in hand-assisted and pure laparoscopic nephrectomy.
The diamond represents pooled SMD with 95% confidence limits
for all studies; the squares and horizontal lines represent indi-
vidual studies with 95% confidence limits.
Figure 2. Eight studies (n  817 patients) comparing perioper-
ative transfusion in hand-assisted and pure laparoscopic ne-
phrectomy. The diamond represents pooled RR with 95% con-
fidence limits for all studies; the squares and horizontal lines
represent individual studies with 95% confidence limits. “Ex-
cluded” means 0 events.
Figure 3. Eight studies (n  287 patients) comparing operative
time of hand-assisted and pure laparoscopic nephrectomy. The
diamond represents pooled SMD with 95% confidence limits for
all studies; the squares and horizontal lines represent individual
studies with 95% confidence limits.
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Nineteen studies (n  2,018) evaluated conversion rates.7–
15,18–27 Hand-assisted nephrectomy was associated with a
significantly decreased risk (RR 0.45, 95% CI 0.25 to 0.83,
P0.01) (Figure 4) and incidence (RD -0.01, 95% CI -0.02
to -0.001, P0.03) of conversion.
Sequential omission of each study from the analysis, one
study at a time, resulted in only nonsignificant changes in
the magnitude or precision of the effect estimates (data
not shown). No evidence was found of publication bias by
Begg’s test (P0.88). Egger’s test indicated a marginally
significant probability of bias (P0.07).
Eleven studies included only transplant pa-
tients8,9,11,14,15,19–23,25; subgroup analysis produced similar
results, although with decreased statistical significance
(RR 0.44, 95% CI 0.19 to 1.02, P0.06; RD -0.01, 95% CI
-0.02 to 0.00, P0.12). Eight studies included nontrans-
plant patients7,10,12,13,18,24,26,27; subgroup analysis pro-
duced similar results, although with decreased statistical
significance (RR 0.47, 95% CI 0.19 to 1.13, P0.09; RD
-0.02, 95% CI -0.05 to 0.00, P0.08).
Hospital Length of Stay
Eleven studies (N1787) evaluated hospital length of
stay.6–11,14–16,23,25 No significant between-group differ-
ences were found in hospital length of stay. (SMD -0.27,
95% CI -0.75 to 0.22, P0.28) (Figure 5).
Sequential omission of each study from the analysis, one
study at a time, resulted in only nonsignificant changes in
the magnitude or precision of the effect estimates (data
not shown). No evidence was found of publication bias
according to Begg’s test (P0.87) or Egger’s test (P0.86).
Nine studies included only transplant patients6,8,9,11,14–16,23,25;
subgroup analysis showed similar, nonsignificant results
(SMD -0.41, 95% CI -0.95 to 0.12, P0.13). Two studies
included nontransplant patients7,10; subgroup analysis
also showed no significant difference between groups
(SMD 0.45, 95% CI -0.36 to 1.26, P0.27).
Perioperative Complication
Twenty-three studies (n2999) evaluated complica-
tions.6–13,15–17,19–30 There were no significant between-
group differences in overall risk (RR 1.00, 95% CI 0.75 to
Figure 4. Nineteen studies (n  2018 patients) comparing risk of conversion in hand-assisted and pure laparoscopic nephrectomy. The
diamond represents the pooled RR with 95% confidence limits for all studies; the squares and horizontal lines represent individual
studies with 95% confidence limits. “Excluded” means 0 events.
JSLS (2009)13:36–43 391.34, P0.99) (Figure 6) or incidence (RD 0.01, 95% CI
-0.02 to 0.05, P0.50) of perioperative complication.
Sequential omission of each study from the analysis, one
study at a time, resulted in only nonsignificant changes in
the magnitude or precision of the effect estimates (data
not shown). No evidence was found of publication bias
according to Begg’s test (P0.96) or Egger’s test (P0.12).
Fourteen studies included only transplant pa-
tients.6,8,9,11,15,16,19–23,25,28,29 Subgroup produced similar re-
sults; although there was a marginally significant trend for
decreased risk of complications for the hand-assisted
group (RR 0.76, 95% CI 0.56 to 1.03, P0.08) there was no
significant difference for incidence (RD -0.002, 95% CI
-0.03 to 0.02, P0.87). Nine studies included nontrans-
plant patients7,10,12,13,17,24,26,27,30; subgroup analysis pro-
duced similar results (RR 0.88, 95% CI 0.50 to 1.55,
P0.65; RD -0.02, 95% CI -0.04 to 0.004, P0.11).
Figure 5. Eleven studies (n  1787 patients) comparing length
of stay for hand-assisted and pure laparoscopic nephrectomy.
The diamond represents pooled SMD with 95% confidence limits
for all studies; the squares and horizontal lines represent indi-
vidual studies with 95% confidence limits.
Figure 6. Twenty-three studies (n  2999 patients) comparing risk of complication in hand-assisted and pure laparoscopic nephrec-
tomy. The diamond represents pooled RR with 95% confidence limits for all studies; the squares and horizontal lines represent
individual studies and their 95% confidence limits.
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Clayman et al31 first reported laparoscopic nephrectomy
in 1991 and Bannenberg et al32 first described the hand-
assisted technique in the porcine model in 1996. Advo-
cates of the hand-assisted approach cite the potentially
steep learning curve and loss of tactile sensation involved
with pure laparoscopy, asserting that a hand port allows
surgeons better tactile sense, manipulative ability, and
confidence. These factors, they argue, enhance perfor-
mance of the operation with respect to identification of
anatomic structures, dissection of the upper pole and
hilum, improved vascular control, and decreased opera-
tive time.33 Advocates of pure laparoscopy, in turn, argue
that hand ports are unnecessary for experienced laparo-
scopic surgeons and costly and that standard laparoscopy
results in a smaller incision, decreased postoperative pain,
and shorter convalescence.
In this analysis, hand-assisted laparoscopic nephrectomy
was associated with significantly less operative blood loss
and a decreased risk of conversion compared with pure
laparoscopic nephrectomy. There were no differences
with respect to operative time or risks of perioperative
transfusion or complication.
These results suggest that the pure and hand-assisted
techniques result in generally similar perioperative out-
comes. Although the lower operative blood loss and
decreased risk of conversion favor the hand-assisted
approach, these findings are of uncertain clinical sig-
nificance. For operative blood loss, we applied the
standardized mean difference method to account for
potential interstudy variations in data collection. Be-
cause standardized mean differences are expressed in
units of standard deviation,34 these results are ex-
pressed in standard deviation units rather than volume
units, which potentially limits the clinical relevance of
this finding. Notably, there were no significant differ-
ences in transfusion between groups, suggesting that
the diminished blood loss was not clinically significant.
Likewise, conversion is a problematic outcome measure
to interpret in laparoscopic surgery because it generally
fails to reveal the underlying reasons for—and clinical
relevance of—the conversion. In addition, patient selec-
tion biases may influence study outcomes. Conversion
from the laparoscopic approach to the open approach
may result from a technically challenging procedure, fail-
ure to progress, or a catastrophic event such as a major
vascular injury. Still, one possible explanation for the
decreased risk of conversion with hand assistance is that
increased tactile sensation and ability to manipulate tis-
sues associated with the hand port may facilitate the
performance of challenging cases. Mateo et al,9 for exam-
ple, evaluated the conversion risk for high-risk (age60,
BMI30 kg/m
2, multiple vessels, right kidney donors, or
refusal to accept transfusions) laparoscopic donor ne-
phrectomy and noted a significantly higher conversion
rate in pure compared with hand-assisted laparoscopy
(13.8% vs 5.5%, respectively).
In this analysis, there was no difference in operative time
between groups. At least 3 explanations are possible. First,
several of the studies included in our analysis were co-
horts in which the investigators had initially gained famil-
iarity with hand assistance prior to performing pure lapa-
roscopy; perhaps there exists an initial benefit to hand
assistance that wanes as familiarity with laparoscopy in-
creases. Second, even if the hand port reduces the time it
takes to perform the nephrectomy, total operative time
may be similar to pure laparoscopy because of the in-
creased time required for hand port placement. Third,
systematic bias may have been introduced in that only the
more challenging cases were specifically selected to be
performed with the hand-assisted technique.
Subgroup analysis, however, revealed that there was a
statistically significant difference demonstrating decreased
operative time for hand-assisted laparoscopy performed
for nontransplant purposes. It may be that hand assistance
plays a significant role in decreasing operative time when
complex renal pathology is encountered, such as with
renal neoplasm. Renal tumors often have neovascularity,
irregular contours, and local inflammatory response, and
it may be that only in these instances the additional benefit
of using tactile sensation is fully realized. However, given
the small group (2 studies, n51 patients), the clinical
significance is uncertain.7,10
Our results also indicate no significant difference in the
overall length of hospitalization or complication rates with
these 2 techniques. Complication rates are a problematic
outcome to assess in this type of analysis because of the
varied definitions of complication.
Our metaanalysis is novel in that it represents the first
pooled analysis of data comparing different laparoscopic
approaches with nephrectomy. We focused on transperi-
toneal nephrectomy, rather than retroperitoneal nephrec-
tomy, for 2 interrelated reasons: first, the transperitoneal
method is more common; second, substantially more pub-
lished data are available on the transperitoneal method.
Although randomized clinical trials are considered the
gold standard for clinical research, our results provide the
JSLS (2009)13:36–43 41best available summary of evidence-based outcomes data
and thus a potentially important source of information for
treatment planning. The cohort studies included in this
metaanalysis examined outcomes differences among
largely nonrandomized patients and thus were subject to
confounding by selection biases, which in turn may have
influenced the results.
One potential limitation of metaanalysis is publication
bias, though we did not find any evidence of significant
publication bias in this analysis. Other limitations of meta-
analysis include results dependent on the methodological
quality of component trials, inclusion criteria bias, and
outcome.
A potential source of heterogeneity was indication for
nephrectomy, which we attempted to address with sub-
group analyses. It may be that with the smaller number of
nephrectomies performed for nontransplant indications,
this study was underpowered to detect significant differ-
ences in the nontransplant group. Additional heterogene-
ity may have been introduced by intersurgeon and inter-
institutional variations in technique, differences in
outcome assessment, and differences in patient selection
criteria.
CONCLUSION
Compared with pure laparoscopic nephrectomy, the
hand-assisted technique was associated with significantly
less operative blood loss; however, the clinical signifi-
cance of these findings is unclear as there was no signif-
icant difference in transfusion rates. Additionally, the
hand-assist technique had fewer conversions to open ne-
phrectomy; however, the reasons for this difference can-
not be fully elucidated in a metaanalysis. Operative time,
hospital length of stay, and perioperative complication
demonstrated no significant differences in our analysis,
suggesting that the pure and hand-assisted techniques
result in similar perioperative outcomes.
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